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INTRODUCTION

The design of gun barrel wall ratios at any axial location is
determined by the combined thermal and pressure stresses to which the
barrel will be subjected. These stresses are defined by the type of
propellant, material properties, projectile configuration and firing
schedule. Therefore, in order to design a structurally sound barrel,
experimental thermal and pressure data must be available.

Initial or preliminary work on the design of a 30mm barrel was
performed! on the AMC30 on the basis of propellant data from Hercules?
and gas convection coefficients from XM-140° analyses. As a result
of this effort, a single-shot barrel was designed.

OBJECTIVE

The purpose of the current study was to design a 30mm tactical
barrel configuration capable of performing satisfactorily under an
extended firing schedule. At present, the firing capacity is limited
to one 12-round burst. Since future plans include the firing of a
more severe schedule, an extreme schedule has been arbitrarily defined
as 500 total rounds, in 10-round bursts, with 30-second cooling periods
between bursts, at a rate of 240 round per minute. This study is
directed toward the task of designing a barrel to satisfy the above
firing schedule.

'Progress Report, "Gun Barrel Thermal Structural Model," under
X.0. 512211-5007, by Mr. Darrel Thomsen, Dr. C.C. Chu, and Dr.
W.J. Leech.

?Letter from G.I. Anderson, Hercules, Inc., to CG WECOM,
ATTN: SWERR-W-A, Tom Redling, dated 14 Jun 72.

’Adams, D.E., et al., "Design Studies of the XM-140 Barrel,"
Cornell Aeronautical Laboratory, Inc., Feb 1967.



EXPERIMENTAL ANALYSIS

The 30mm AMCAWS weapon was fired for 7 rounds. The initial purpose
was to fire the full capability of the gun, a 12-round burst. However,
because hardware problems were encountered, only 7 rounds were fired.

The barrel used has a 3-stage configuration, that is, the outside diam-
eters are 1.57, 2.55, and 3.5 inches, with steps occurring at 31 and 63
inches, measured from the muzzle end. Therefore, only 3 axial locations
indicated significant temperature rises in 7 rounds; these locations
were identified at 3, 15, and 28 inches from the muzzle end, all with

an 0.D. of 1.57 inches.

These firing data were converted from millivolts to temperatures,
°F, via computer program 1, Tisted in the appendix, and the output plot
is given in Figure 1. On the basis of these data, effective propellant
gas temperatures and convection coefficient values were obtained by the
procedure outlined in the theoretical analysis section.

THEORETICAL ANALYSIS

During the firing of each round, a portion of the heat input entering
into the bore is stored in the barrel, and part of this heat is removed
from the outer barrel surface. An instantaneous energy balance for any
axial location can be written in the following form:

9n = 9stored * Qut

Semantically, heat input into the barrel must be equal to the amount of
heat stored in the barrel plus the amount of heat dissipated to the surround-
ing environment. The q terms are defined as follows:

9, = hg Ay (Tg-Tb)
where
hg = mean heat transfer coefficient, BTU/hr - ft? - °F
A, = bore surface area, e
Tg = mean gas temperature, °F
Tb = bore temperature, °F
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and

Gstored = MC %%
where
m = mass of barrel, 1bp
¢ = specific heat of barrel, BTU/1by, - °F
%% = time rate of change of temperature, °F/hr.
and

Gout = hoAs(To-Ts) + eoAs(Rg*-Rg™)

where

ho = dissipation convection coefficient, BTU/hr - ft2- °F
Ag = outside barrel surface area, ft?
To = outside barrel surface temperature, °F
Tg = temperature of surrounding environment, °F
= surface emissivity
o = Stephan-Boltzmann constant, BTU/hr - ft2 - °R"
Rg = outside barrel surface temperature, °R

Rs = temperature of surrounding environment, °R

The radiation term, eoAS(Ro“-RS“), can be disregarded in this analysis,

since the radiation effect is insignificant at the temperature levels
attained in 7 rounds of firing. The Ty term in gj, can be defined as

(]

Tp = To + AT

where AT = the temperature difference across the barrel wall, that is,

the barrel can be treated as a mass-type calorimeter with the bore tempera-
ture being defined as the outer barrel surface temperature plus a radial
temperature gradient. Looking at two distinct times in the firing
schedule, one can write these equations as follows:



hgAb(Tg-To, - AT,) = mc 3 |, + ho,As(To,~Ts) (1)

hgAp(Tg=To, = AT,) = mc G&- | + ho,As(To,~Ts) (2)

where the subscripts 1 and 2 refer to distinct times on the time versus
temperature curve. After equation (1) has been expanded, it becomes

hg(2mri2)(Tg-To,-AT,) = pn(rg-ri)ec g%~ Lt No,y (21rg2)(To,-Ts) (1)
where

ri, ro, %, and p are inside radius, outside radius, length, and density of
the barrel, respectively. Regrouping yields the following equation:

;
ng(Tq-Tor-T,) = [p(rd-r}) c 3L |+ 2rghg, (To,~T5)1/2r;

Defining KA1, KB1, and K,
KA1 = p(rg—r%)c% ;

KA2

ZrOhOI(Tol-TS)
and

K, = (KA1 + KB1)/2ry

Equation (1) now becomes

hg(Tg-Tol-ATl) oF 3 (1)
Similarly,
hg(Tg-To2 = ATs) = K (2)

Define A as follows:

RE gI_I dT
de |1 de

2




and assuming that the d6's are very nearly the same size
" where
A = AT,/AT,

then

AT, = AT /A

Now, collecting terms and solving equations (1) and (2) simuitaneously
yields

hg = (K=K, )/[AT, (1/A-1) + (To2-To1)] (3)
Substituting equation (3) into equation (1), one obtains the following:
Tg = AT, + Kl/hg + To, (4)

2 dT dT
The next step is to select 35 4 and a5

accurate curve to the experimental temperature data, the derivatives can

- If one can fit an

be evaluated analytically at two distinct points. Otherwise, a discrete

set of derivatives can be determined. These two derivatives, %g .
dT

I |2 should reflect the changes in temperature early on the time versus

and

temperature curve and toward the end of the curve; but, prior to the
quasi, steady-state condition, respectively. The initial value of Aty

is generally selected based on previous experience. Once dT 5 %I
de |! 9

and AT, are known, mean values of hg and Tg can then be determined. With the
computer program 2, listed in the appendix, equations (3) and (4) can be
quite readily solved. These two values, h_ ang T » can be used to solve

for the transient, radial temperature distribution for any particular

2

firing schedule and firing rate by input of these values into computer
program 3, listed in the appendix. This program employs an implicit,
finite-difference algorithm, which is extremely efficient and accurate.
Refinement on ﬁg and fg can be made after the temperature output is
compared with experimental data. This is accomplished by an iteration
process in which AT1 is varied in computer program 2 based on the calcu-
lated value obtained in computer program 3.

6



DISCUSSION OF RESULTS

Mean values ﬁg and T_ were obtained from the experimental data taken
for the three axial locations, 3, 15.5, and 31 inches (measured from the
muzzle end), that gave good temperature response in the 7 rounds. With
the use of these values, various wall thicknesses at the three locations
were investigated. The outside barrel surface temperature responses for
this and a previous parametric wall ratio study are shown in Figure 2.

The top center legend defines the firing schedule, and the lower right
legend describes axial location, wall thickness, and ﬁg and Tg values.

The x and y axis labels define the time and temperature in the respective
units. The curves for the axial location near the breech end are based on
h and T_ values from previous analyses 2,3 since the 7-round firing schedule
d?d not groduce significant temperature rise near the breech end. These
particular curves in addition to several others that resulted from input
values Eg and T_ taken from Hercules? and from XM-140° studies are shown
in Figure 3. The legends and captions are self-explanatory. On the basis
of the temperature results and the pressure data available, an elastic
thermal and pressure stress analysis was performed for the breech end
location and for the 33-inch location (measured from the muzzle end).

Peak total equivalent stresses were within the dynamic* yield stress of
108,000 psi for CR-MO-VA steel at 1200°F.

A proposed barrel design is given in Figure 4. This was developed
essentially on the basis of the 7 rounds of experimental data, except for
the breech end, which is designed as explained above. However, an extended
firing schedule of at least 50 rounds should be performed from which more
accurate bore boundary condition data can be obtained. These data should
be applied to a more optimum design of future 30mm tactical barrels for
varying firing requirements.

?Letter from G.I. Anderson, Hercules, Inc., to CG WECOM, ATTN: SWERR-W-A,
Tom Redling, dated 14 Jun 72.

3Adams, D.E., et al., "Design Studies of the XM-140 Barrel", Cornell
Aeronautical Laboratory, Inc., Feb 1967.

“"Dynamic Properties of Superalloys at Elevated Temperatures," Technical
Report RE-TR-71-75, Research Directorate, Weapons Laboratory, WECOM,
February 1972.
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